Designing industrial facilities in AutoCAD is very different from designing the office and laboratory environments typically discussed at AEC-oriented shows and seminars. In factories the cost of moving equipment and automated material handling systems is significant, making their initial placement critical. In addition., factories are designed for the optimal flow of materials, which requires a significant quantitative review and can be very time consuming and difficult to present. This paper will discuss the systematic approach to the design of industrial facilities and how this approach can be greatly simplified with the use of such tools as AutoCAD with FactoryFLOW.
IN'TRODUCTION
FactoryFLOW is a detailed material flow analysis tool that works inside of AutoCAD for the purpose of analyzing, reporting and diagramming material flow within factory layouts. While often used for the quantitative and graphical evaluation of multiple layouts, FactoryFLOW with a systematic design approach can lead the user to the most optimal design feasible given the many real-world constraints evident in existing facilities. By working right inside of AutoCAD, FactorylFLOW can take existing AutoCAD layouts and combine partlproduct routings from spreadsheets and M W systems. FactoryFLOW then automatically generates detailed, variable width and color, material
THE SYSTEMATIC FACTORY LAYOUT APPROACH
You cannot adopt Just In Time, Focused Factories, Manufacturing Cells, Group Technology, or Continuous Flow Manufacturing without first designing a production layout that supports that manufacturing methodology. Too often, factory layouts are created independent of a clear focus of the operating strategy to be employed within the system. Under any circumstances, material flow will be the key driver of how each of these production systems will be designed, and material flow should then be used as the key measure of their effectiveness. The systematic factory layout approach defined by Muther (1973) takes a phased approach to the layout design starting from general to specific and involving both quantitative flow and qualitative relationship analyses based on products, quantities, routings, support services and timing. The quantitative approach involves a detailed analysis of material flows based on several layout configurations and is the heart of an industrial layout analysis. The qualitative approach is used to ensure that all criteria with respect to noise, dirt, contamination, air quality, fire hazards, supervision, safety, and so on are being met. Small studies can be done entirely qualitatively by taking material flow and classifying it into different relationship categories while large studies would employ both quantitative and qualitative studies simultaneously.
3
BASIC MATERIAL FLOW ANALYSIS flow diagrams on product-named layers inside of AutoCAD. Once the diagrams have been generated and the actual travel distances computed, FactoryFLOW can TECHNIQUES create detailed reports on material flow cost, distance, Material flow diagrams illustrate material moves. frequency and time, allowing the user to evaluate the FactoryFLOW can generate a variety of diagrams from effectiveness and efficiency of the layout and material the same set of data, allowing the anlayst to focus on handling system design. different aspects of flow. The key diagram from which all others are computed is the product flow diagram (Figure 1 Sometimes flow diagrams can contain too much information. The following three charts allow users to look at the same problem from different angles. The product quantity(PQ) chart (Figure 7 ) is designed for job shops and other component manufacturers to use to identify products whose layout design would be good for "product focused," "cell focused," or "process focused" configurations. The distance intensity (DI) chart (Figure 8 ) is used to show how well both the layout and the material handling system have been designed. With DI charts, an excellent design is one in which all points are against the axes. Any points in the middle of the chart indxate that either the units/trip or the layout are inefficient. Finally the from-to chart (Figure 9 ) is used to show the intensity or volume of flow in to a location, out of a location or between two specific locations. This chart is also good for color coding major flow volumes (intensities) so that the key problem areas are easily identified. 
ADVANCED MATERIAL FLOW ANALYSIS TECHNIQUES
Once the basic flow analysis techques are implemented, users may need to evaluate detailed cellular and clustered flows. FactoryFLOW's cluster analysis capability (Figure 10 ) allows users to make a cluster out of a set of exclusive workcenter points. Instead of diagramming from point to point among the two cluster sets, FactoryFLOW only diagrams the cumulative flow between clusters. Reports can then be created wtuch quanti& the flow between and w i t h these geographc clusters. Cluster analysis is excellent when looking at interdepartmental, intercellular, or interbuilding flows. In semiconductor plant applications, clusters allow for the quick analysis of interbay flows. Determining how best to route flow becomes an intricate problem when more than one workcenter could perform a particular operation, and when individual workcenters perform multiple operations. The problem of optimizing flow for multiple workcenters occurs in such varying real-world examples as with an automotive plant's lloading docks or a semiconductor fabricator's lithographic machmes. Certain material coming to an automotive plant could conceivably be accommodated at any one of multiple docks, and can be transported to any one of niultiple workcenters. Wafers in a semiconductor fabrication plant could travel to any one of multiple servers several times in the course of a multiple reentrant flow process.
Workcenter grouping examines flow from this perspective: given workcenter locations and capacities, what routing will result in the shortest total travel distance? T h s approach allows users to specify a group name for a location in a product/part routing and then let FactorylFLOW select the best piece of equipment in the group to use in that specific part of the routing in order to reduce factorywide material flow while preserving fixed equipment capacities.
FactoryFLOW can also perform static utilization studes on the equipment (Figures 11 and 12 Thorough production system design incorporates study of a number of components: a facility drawing, the layout of machines and workcenters, material flow, capacity requirements, buffer sizes, scheduling considerations, flow logic, production downtime, and possibly simulation or animation for presentation and error checking. These components can be divided into static and dynamic categories (Figure 13 ).
Static components of production do not vary significantly over time. They can be studied as though they were constant, thus greatly simplifying the design problem and producing effective designs in a minimal amount of time.
The dynamic components of production system and manufacturing cell design analyze phenomena which vary over time. Therefore, the analyst must not only specify the individual process times of each machine, operator and transport device, but also specify how these times vary with respect to time. Because of the increased input data and statistical analysis required, the scope of any individual component of dynamic analysis must typically be smaller than for static analyses (for example, limited to one workstation or cell versus the whole factory).
Many of the input data for dynamic analyses come from results of the static analyses. This data progression makes a phased approach essential. In order to achieve the best designs in the shortest possible time, designers must first determine the layout and material flow before undertaking any dynamic analyses.
FOCUSED FACTORIES AND MANUFACTURING CELL DESIGN
The goal of manufacturing cells and focused factories is to cluster or group together the routingslflows of material for groups of routings that have commonality according to product or process.
In focused factories product families are grouped together for the purpose of reducing overall product throughput, inventory, and thus materials management. This arrangement works particularly well in situations where setup times from one part to another at the same work station do not vary greatly, and where it is common to have many different product varieties with respect to color, size, or special options produced in a small time frame for the purpose of reducing finished goods inventory.
When designing focused factories it is important to select the product families based on this operating strategy, and then assign them the same color in FactoryFLOW. The task then is simplified to one of grouping all of the colored flows by color and working out machine assignment and location so that first the color groups are reduced and then the material flow in each color group is ideal. This task is greatly simplified in this graphical approach because it allows the users to see both the tradeoffs and relative flow intensities. In addition, thls graphical approach lends itself well to productive group involvement.
In manufacturing cells common production processss are grouped together. Ideally this grouping is also done with respect to product family so that overall product throughput within the factory is reduced along with just the flow in the cell. If no product families are involved and just process and part commonality is considered, this grouping is often referred to as group technology (GT). GT can work well to reduce the throughput and inventory of a subset of the manufacturing process, especially a complicated one. However, if the subset is not integrated into the product flow overall, the subset can still become a bottleneck in the facility as a whole.
When designing manufacturing cells, designers often create many different groupings and then evaluate them using the same color and intensity groupings as in focused factories. The key difference is that the cell groupings are often iterated to accomplish different factorywide or productwide throughput goals, and then these manufacturing methodologies are evaluated with respect to the efficient material flows, layouts and throughputs that they create.
OTHER TOOLS AND TECHNIQUES
While material flow is the primary design factor used for industrial facilities, space and qualitative relationships cannot be ignored. FactoryPLAN ( Figure  14) was designed for the evaluation and comparative analysis of qualitative activity relationships. With FactoryPILAN, analysts determine the relationships between activities such as storage, equipment, support, docks, doors, and floor support using an AEIOUX ranking method. An "A" relationship is the most important, a "U" is Unimportant, and "X' is negative.
Analysts rank the relationship of each activity and then manipulate FactoryPLAN to generate the spacerelationship diagrams and score them interactively as with FLOW. A FactoryPLAN analysis is very quick and easy to do, requiring only the information available firsthand from the group of people working in the area.
Space planning (Figure 15 ) for factories is typically used to evaluate cost centers for cost allocation and also to determine measures of productive to unproductive space, or manufacturing to storage to aisles. Effective space planning methods are beyond the scope of t h s paper. However, good space planning can be critical for the planning of WIP and reduced throughput. Step I
Step 2 Step 3 Enter area and space data.
Enter relationship data. Generate and manipulate the relationship diagram. 
CONCLUSION
Good factory layout design is a science involvmg both quantitative, qualitative and strategic information With products and production requirements changmg annually, successful manufacturers will be required to develop and redevelop efficient production systems continuously. Only through the effective use of systematic design software and methodologies llke AutoCAD and FactoryFLOW will manufacturers be able to remain competitive and provide the quality products that consumers expect at the profit margins that stockholders require.
